Protein folding appears to be almost too complex for a complete description or for accurate structure prediction from sequence data. A simple way of analysing local interactions, however, bears promise of linking theory with experiment and cutting through some of the complexities. The protein folding problem has puzzled researchers for more than three decades [1] . In spite of an accumulated wealth of biophysical data and theoretical considerations on how proteins fold [2], we still cannot read the language in which the amino-acid sequence describes the final three-dimensional fold of the biologically active macromolecule. While the inversely-related protein design problem has seen some major progress in recent years, partly due to the possibilities of using comparatively simple approaches [3] , detailed studies of folding have turned up more and more complexities, making it clear that the sequence-to-structure relation is a hard problem, not only in biochemical but also in computational terms. The 'new view' of folding, with its energy landscapes and multiple pathways, has given a clear picture of this maze [4], but not yet the instructions for how to find a way through it.
The protein folding problem has puzzled researchers for more than three decades [1] . In spite of an accumulated wealth of biophysical data and theoretical considerations on how proteins fold [2] , we still cannot read the language in which the amino-acid sequence describes the final three-dimensional fold of the biologically active macromolecule. While the inversely-related protein design problem has seen some major progress in recent years, partly due to the possibilities of using comparatively simple approaches [3] , detailed studies of folding have turned up more and more complexities, making it clear that the sequence-to-structure relation is a hard problem, not only in biochemical but also in computational terms. The 'new view' of folding, with its energy landscapes and multiple pathways, has given a clear picture of this maze [4] , but not yet the instructions for how to find a way through it.
It is thus of some comfort that relatively simple and intuitively understandable concepts can still emerge from this field, and it is hoped that these will help find a way through the maze. One of these is the idea that the 'localness' of the target structure may help folding -that is, that proteins fold faster if those molecular groups that interact in the native state are already close to each other in the linear amino-acid sequence. Using the novel parameter called 'contact order', Plaxco et al. [5] have demonstrated the usefulness of this approach and its suitability for making structural predictions.
Consider a string of beads fixed in a two-dimensional or three-dimensional conformation by a finite number (n) of contacts between non-neighbouring beads. For each contact, the relative contact order is the fraction of the beads that lie on the string between the contacting pair ( Figure 1 ). Averaging this parameter over all n contacts yields the average contact order of the bead string, or, if we replace beads by amino acids, of the protein. Contact order is thus by definition a fraction between 0 and 1. The higher the value, the more non-local are the contacts in the tertiary structure. For small proteins with just one globular domain (folding unit), the values range from 0.09 to 0.22, and can thus conveniently be expressed as percentages.
Plaxco et al. [5] have determined the contact order of a small set (twelve) of non-related, single domain proteins which fold with two-state kinetics and for which both structural and kinetic data are available in sufficient detail. They have assumed that two non-hydrogen atoms belonging to different amino-acid residues are 'in contact' if the distance between them is 6.0 Å or less, but their results do not depend strongly on the details of this assumption. They carried out a thorough statistical analysis to see whether the folding rate (ln k) depended on the 'localness' of the structure, or on other parameters, such as the size or thermodynamic stability of the protein. Similarly, they have addressed the issue of whether the placement of the transition state on the reaction coordinate -that is, whether the rate-limiting step occurs late in folding, in a near-native conformation, or early on, in a disordered state -is related to any of these parameters. Both the folding rate and the transition-state placement were found to depend on the contact order, but not on the size or stability of the proteins. A high degree of localness -low contact order -was found to correlate with rapid folding, which had been predicted by some researchers ( [6] [7] [8] [9] , for example), although there have also been claims to the contrary [9, 10] . Fersht [10] , for instance, has argued that local interactions would lower the energy of the unfolded state and thus increase the activation barrier of folding, thereby reducing the overall rate. The statistical analysis from Plaxco et al. [5] shows, however, that other factors, such as the reduction in chain entropy brought about by early local structure, overcompensate for this predicted decrease in folding rate. Similarly, low contact order proteins tend to have early transition states -folding decisions are made early on the reaction coordinate, where the protein's state bears very little resemblance to the native tertiary fold. Proteins with a high contact order -indicative of generally non-local interactions -may have to go through substantial rearrangements late on the reaction coordinate in order to satisfy the non-local contact requirements, which are unlikely to drop into place in early folding.
Low contact order thus correlates with both early transition states and fast folding, so one would also expect to find a correlation between the latter two properties. At first glance, this correlation does not seem to hold very firmly, but it turns out that its failure can be blamed on a single black sheep, the cold shock protein CspB from Bacillus subtilis. Intriguingly, this small β-sheet protein, with its low contact order and spectacularly fast folding kinetics -widely used as a model for fast and simple folding [11] -also displays one of the latest transition states of folding known to date. While the paradoxical behaviour of this protein cannot be rationalized as yet, removing it from the data set significantly improves the correlation of the transition state placement with both the folding rate and the contact order.
Although Plaxco et al. [5] had to make do with a limited dataset -which also contains some variation in the conditions under which the kinetics were measuredthe relationship they observed can be easily tested by researchers working with the many proteins for which the structures are known. While Baker and co-workers [6] have previously suggested an important role for local interactions in rapid domain folding, on the basis of theoretical analysis using an extended version of Zwanzig's protein folding model [12] , the present work goes much further in that it analyses in real proteins a quantity that can also be determined for any kind of model system, ranging from simple lattice models to any real protein for which structural data exist. Thus, contact order can be a bridge between the theoretical and the practical, between the general and the specific, and between the quantitative and the qualitative aspects of protein folding. Much as local interactions form the global fold, it is anticipated that this new tool could revolutionize the global picture of protein folding.
